T here are various subtypes of cutaneous lymphomas, each with different clinical manifestations, histological features, and prognosis. Mycosis fungoides is the most common and well characterised subtype, accounting for more than 50% of all cutaneous lymphomas [1, 2] . Subcutaneous panniculitis-like T-cell lymphoma (SPTCL) is a rare subtype of cutaneous lymphoma that preferentially involves subcutaneous tissue. Since its first description by Gonzales et al. in 1991, as a peculiar lymphoma mimicking panniculitis [3] , many cases have been reported under the diagnosis of subcutaneous lymphoma, which showed various phenotypes of neoplastic lymphoid cells, such as CD4+CD8-, CD4-CD8+, or CD4-CD8-CD56+, with diverse clinical courses ranging from indolent to highly aggressive. In the WHO-EORTC classification of cutaneous lymphomas proposed in 2005 [1] , SPTCL was defined as CD8+ cytotoxic T-cell lymphoma expressing alpha/beta T-cell receptors (TCRs) that are confined to subcutaneous fat. According to this definition, SPTCL generally show indolent clinical behaviour, in contrast to other lymphomas involving subcutaneous tissue, such as gamma/delta T-cell lymphoma or NK cell lymphoma. In European countries, SPTCL was estimated to account for 1% of cutaneous lymphoma cases [1] , and the clinicopathological features, treatment modalities, and clinical outcomes of European cases were reported by Willemze et al. in 2008 [4] . In Japan, the result of the nationwide study on cutaneous lymphomas from 2007 to 2011 revealed the prevalence of SPTCL to be 2.3% of cutaneous lymphoma cases [2] . However, the clinicopathological features of Japanese patients with SPTCL have not yet been well characterised. Therefore, we performed a literature review in order to investigate the clinicopathological features, therapeutic modalities, and treatment outcomes of Japanese SPTCL cases, and to propose appropriate strategies for management of SPTCL.
Methods
We searched for articles using PubMed and the Japanese medical literature database provided by the Japan Medical Abstract Society. We used the term "subcutaneous panniculitis-like T-cell lymphoma" and its directly translated Japanese form for searching on PubMed and the Japanese medical literature database, respectively. We retrieved all articles of Japanese cases, excluding those described in meeting abstracts.
Results

Clinical and histological features
We identified 22 Japanese cases of SPTCL reported in the literature. Among them, we excluded six cases due to lack of sufficient clinical and immunohistological data to unequivocally diagnose the cases as SPCTL. Finally, we retrieved 16 Japanese cases of SPTCL [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , and the clinical and immunophenotypic features are summarised in (tables 1-3) . Eleven of these cases were reported in English language journals and the remaining five cases were obtained from Japanese journals. The cases consisted of five males and 11 females, with ages ranging from one to 73 years old (average: 32.1 years old). All patients had subcutaneous nodules, which were most frequent on the lower legs ( figure 1A) . B symptoms, such as fever, night sweats, and weight loss were observed in 13 of 16 cases. Autoimmune disorders were present in two cases, including Sjögren's syndrome and type 1 diabetes mellitus. Laboratory abnormalities, including leukocytopenia and liver dysfunction, were common, occurring in approximately 50% of cases. The existence of haemophagocytic syndrome (HPS) was mentioned in 11 cases. Among them, HPS was observed in five cases. Histologically, all 16 cases showed mild to moderate lobular infiltration of lymphoid cells in subcutaneous fat tissue with only scant lymphoid infiltrates in the dermis (figures 1B,C). All cases tested were positive for CD3 and CD8, and negative for CD4 and CD56. Cytotoxic molecules, such as T-cell intracellular antigen (TIA)-1 and granzyme B, were positive in all cases tested. In addition, TCR beta chain expression was detected in all eight cases examined by immunohistochemistry (figures 1D-F), and clonal rearrangement of TCR genes was confirmed in 10 out of 11 cases tested, either by Southern blot analysis or polymerase chain reaction. Epstein-Barr (EB) virus-encoded small nuclear RNA (EBER) was detected in one of 12 cases tested by in situ hybridisation.
Treatment modalities and clinical outcome
The treatment modalities and outcomes are summarised in figure 2 and tables 1, 4 . One patient showed spontaneous remission (Case 16). Seven patients were treated with corticosteroids or immunosuppressive drugs as a first-line treatment (non-chemotherapy group). Of these seven patients, three achieved complete remission (CR) without the use of chemotherapy, and four patients, including two complicated by HPS, were treated with chemotherapy consisting of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) or CHOP-like regimens as a second-line treatment for the unresponsive or recurrent lesions. Among the latter four patients, two were further treated with high-dose chemotherapy supported by haematopoietic stem cell transplantation. All patients in the non-chemotherapy group were in remission at the time their cases were reported in the literature. Eight patients were initially treated with chemotherapy (chemotherapy group), which consisted of a CHOP or CHOP-like regimen for seven patients, and hyper-CAVD (cyclophosphamide, vincristine, doxorubicin, dexamethasone, methotrexate, and cytarabine) for one patient. Three of these patients achieved CR, one patient died due to progression of the disease, and one patient died of an unrelated cause during second-line chemotherapy. Among the remaining three patients, two received high-dose chemotherapy with stem cell transplantation, and one was treated with a corticosteroid in combination with cyclosporine A. These three patients resulted in remission. In the chemotherapy group, six achieved remission, one died of lymphoma progression, and one died of an unrelated cause at the time of the last follow-up visit. Of the two fatal cases, one had associated HPS.
Regarding patients with associated HPS, all five patients in our study received chemotherapy as a first-line or a second-line treatment. Of the two patients belonging to the non-chemotherapy group, one had HPS at the time of initial corticosteroid therapy and failed to respond to prednisolone. The patient subsequently received high-dose chemotherapy, which induced remission of his disease (Case 4). The other patient developed HPS after the initial prednisolone and subsequent CHOP therapy, and HPS was successfully treated with methylprednisolone pulse therapy (Case 5). Of the three patients belonging to the chemotherapy group, one patient developed HPS after failure of the initial CHOP therapy, and was then treated with methylprednisolone pulse therapy in combination with cyclosporine A (Case 9). One patient with HPS at the time of initial diagnosis failed to respond to CHOP and received high-dose chemotherapy supported by stem cell transplantation (Case 11). These [4] ; $ data from reference [22] ; & data from reference [21] ; § presence or absence of autoimmune disease was not mentioned in 13 cases; # data given as "laboratory abnormalities" in reference [4] . • Figure 2 . Clinical course of Japanese patients with subcutaneous-panniculitis-like T-cell lymphoma. Seven patients were treated with corticosteroids or immunosuppressive drugs as a first-line treatment. All of these patients were in remission at the time their cases were reported in the literature. Eight patients were initially treated with chemotherapy. Among them, six patients were in remission, one patient died due to the progression of lymphoma, and one patient died of an unrelated cause. CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone; CysA: cyclosporine A; SCT: stem cell transplantation.
two patients were in remission at the time the case reports were published. Another patient died of rapidly progressive disease despite chemotherapy, and HPS was revealed by an autopsy (Case 13).
Clinical characteristics of patients treated with corticosteroids and chemotherapy
We next compared the clinical characteristics of the non-chemotherapy group with those of the chemotherapy group (table 5) . In both groups, the male to female ratio and the incidence of HPS were almost identical, and clonal rearrangement of TCR genes was detected in all cases. Compared with the chemotherapy group, patients in the non-chemotherapy group were younger and had more frequent B symptoms and leukocytopenia, but liver dysfunction and increased lactate dehydrogenase levels were more common in the chemotherapy group. Autoimmune disease was observed in one case in both groups. In the chemotherapy group, most cases were diagnosed with SPTCL at initial presentation. In contrast, only one patient was initially diagnosed with SPTCL in the nonchemotherapy group, and the other patients were tentatively diagnosed with unspecified panniculitis and lupus profundus in two cases, respectively, and cytophagic histiocytic panniculitis and Weber-Christian disease in one case. Two fatal cases, including one EBER-positive case and one case associated with HPS, were included in the chemotherapy group.
Discussion
SPTCL is a rare form of cutaneous T-cell lymphoma that preferentially involves subcutaneous tissue. The diagnostic criteria and clinical features of SPTCL described in the WHO classification were established based on patient data collected mainly from European countries [4, 20] . Because the frequencies of lymphoma subtypes are known to vary among racial groups, it is important to investigate the clinical characteristics and treatment outcome of Japanese SPTCL cases. Our findings demonstrated that the clinical characteristics of Japanese cases were almost identical to European cases, such as younger age at onset (relative to other cutaneous T-cell lymphomas), twofold predominance of females over males, high frequency of laboratory abnormalities, and low mortality rate of less than 15% [4] . In addition, the initial therapeutic modalities were almost identical in both the Japanese and European cases. B symptoms were more common in Japanese cases, whereas autoimmune disorders were more frequent in European cases. The clinical characteristics of the Japanese cases were also similar to those from Chinese and Korean cases, except for a male predominance in Korean cases [21] , as well as a low incidence of B symptoms and high mortality rate in Chinese cases [22] (table 3). These differences in clinical characteristics among different racial groups may be due to small sample size of the Asian cases. It is notable that EBER was detected in one Japanese patient and one Chinese patient [4] .
by in situ hybridisation. The Japanese patient died due to disease progression and the Chinese patient was in good health at the time of the last follow-up visit. SPTCL is generally believed to be negative for latent EB-virus infection [1, 4, 20] . However, EB virus-associated lymphoid malignancies, such as extranodal NK/T-cell lymphoma and Burkitt lymphoma [1, 20] , are well known to be prevalent in Asian countries such as Japan and China, which is most likely due to genetic susceptibility. Therefore, EBER positivity alone cannot exclude the possibility of SPTCL in regions where EB virus-associated lymphoid malignancies are prevalent, although thorough investigations including immunohistochemical analysis, gene rearrangement assays, and systemic work-up are mandatory before establishing the diagnosis of SPTCL in EBER-positive cases.
The most important and controversial issue in the treatment of SPTCL is whether SPTCL should be treated with chemotherapy or whether it can be managed with corticosteroids or immunosuppressive drugs. Among the various treatment guidelines for cutaneous lymphomas, including those of the British Association of Dermatology [23] , the European Organisation for Research and Treatment of Cancer consensus recommendation [24] , the National Comprehensive Cancer Network clinical practice guidelines [25] , and the European Society for Medical Oncology (ESMO) guidelines [26] , only the latter guidelines provide a treatment recommendation for SPTCL. In the ESMO guidelines, corticosteroids or immunosuppressive drugs are recommended as a first-line treatment for patients without HPS, and chemotherapy is indicated as an optional therapy in cases refractory to immunosuppressive therapy or in cases with HPS [26] . The Japanese guidelines for cutaneous lymphoma recommend similar treatment approaches [27] . The ESMO recommendation regarding treatment options for SPTCL might have been made mainly based on the report of Willemze et al. in which the clinicopathological features and treatment outcomes of 63 European cases of SPTCL were investigated [4] . In their report, 55 patients received systemic therapy, which consisted of chemotherapy for 31 patients (chemotherapy group) and corticosteroids or immunosuppressive drugs for 24 patients (non-chemotherapy group). Although the response rate of the initial therapies was higher in the non-chemotherapy group (16 CR and five partial response [PR]; response rate: 88%) than in the chemotherapy group (19 CR and three PR; response rate: 71%) (table 4), the remission rate at the time of the last follow-up visit was similar between the two groups (non-chemotherapy group: 58%; chemotherapy group: 61%). These findings suggested that patients with SPTCL may benefit equally from chemotherapy and corticosteroids/immunosuppressive drugs. Therefore, the authors concluded that their findings do not support the routine use of multi-agent chemotherapy as a first-line treatment for patients with SPTCL. However, the relapse of complete responders was more frequent in the non-chemotherapy group (9/19; 56%) than in the chemotherapy group (2/19; 10%), and eight of 24 patients in the non-chemotherapy group received chemotherapy for unresponsive or recurrent lesions, suggesting that corticosteroids or immunosuppressive drugs may not have sufficient effect on some patients with SPTCL. In contrast to European cases, most of the reported Chinese and Korean cases were treated with chemotherapy [21, 22] . Fourteen of 18 Chinese patients (78%) received chemotherapy, and nine patients responded (six CR and three PR; response rate: 64%). The other four patients were treated with Chinese herbal medicine or surgical excision of the solitary lesion, leading to a durable response for all of these patients. Ten of 14 Korean patients (71%) were treated with chemotherapy, three received immunosuppressive therapy, and one received only supportive care for the patient's symptoms. Of the ten patients receiving chemotherapy, five achieved remission (four CR and one PR; response rate: 50%). Of the three patients treated with immunosuppressive therapy, only one patient responded. Accordingly, chemotherapy was beneficial in approximately two thirds of the Chinese and Korean patients, whereas therapeutic benefit of corticosteroids or immunosuppressive drugs was uncertain because the number of patients treated with corticosteroids was very small. In Japan, the number of patients initially treated with corticosteroids or immunosuppressive drugs and those treated with chemotherapy was almost the same, and the response rate of the initial therapy did not show remarkable difference between the two treatment groups (table 4). Most patients who had been initially diagnosed with SPTCL received chemotherapy as a first-line treatment, whereas the majority of patients who were initially diagnosed with inflammatory panniculitis and then later diagnosed with SPTCL were treated with corticosteroids (table 5) . This suggests that the initial treatment modalities have been determined depending on the initial diagnosis in most Japanese cases. Since SPTCL often simulates various inflammatory diseases, such as erythema nodosum, lupus profundus, and other miscellaneous disorders manifesting with panniculitis, a clear distinction between SPTCL and these panniculitic disorders is often difficult at the initial presentation [28] [29] [30] . Thus, we consider that corticosteroid treatment may be justified for patients with lesions suggestive, but not diagnostic, of SPTCL, especially if they have an accompanying constitutional symptom. However, four of seven Japanese cases in the non-chemotherapy group needed chemotherapy for unresponsive or recurrent lesions, indicating that the therapeutic effect of corticosteroid treatment for SPTCL may be limited to a certain subset of patients, and we cannot predict exactly which patients could benefit from corticosteroid therapy. Previous reports have shown that re-administration of corticosteroids or immunosuppressive drugs can induce remission of recurrent lesions that developed after withdrawal of initial corticosteroid therapy [4, 5, 31] . Therefore, re-administration of these drugs may be a therapeutic option, instead of chemotherapy, at least until disease progression for relapsed patients, especially if they do not suffer from HPS. However, duration of remission was reported to be short, and disease progression typically occurred once steroid tapering was initiated [32] . Thus, we believe that chemotherapy should be considered immediately when relapsed patients do not respond to re-administration of corticosteroids or immunosuppressive drugs. Another important issue is how SPTCL patients complicated by HPS should be treated. Five patients included in our study developed HPS at various stages during the course of the disease and received various therapies; two patients who failed to respond to conventional-dose chemotherapy received high-dose chemotherapy and resulted in remission (Cases 4 and 11), two patients were successfully treated with methylprednisolone pulse therapy either alone or in combination with cyclosporine A (Cases 5 and 9), and one patient who received conventional-dose chemotherapy died of disease progression (Case 13). In our cases associated with HPS, none responded to conventional-dose chemotherapy. These results are in accordance with the previous view that CHOP or CHOP-like therapy is not very successful for SPTCL associated with HPS [4] , and methylprednisolone pulse therapy, either alone or in combination with immunosuppressive drugs, can be effective for patients associated with HPS [33] [34] [35] . In addition, highdose chemotherapy, followed by stem cell transplantation, has been suggested to be an important option for patients associated with HPS [4, 36, 37] . At present, it still remains unclear whether chemotherapy is actually more beneficial than corticosteroid treatment for SPTCL, however, based on the result of our review of Japanese SPTCL cases, we believe that chemotherapy may be preferred for patients who have been diagnosed unequivocally with SPTCL. In such cases, corticosteroid therapy may be acceptable as an alternative treatment option, especially in cases without HPS, however, careful follow-up is indispensable and chemotherapy should be considered when a sufficient effect cannot be achieved by corticosteroids or immunosuppressive drugs. For patients associated with HPS, methylprednisolone pulse therapy or high-dose chemotherapy, followed by stem cell transplantation, may possibly be preferred over conventional-dose chemotherapy.
A limitation of this article is that the patients' data were collected from published reports, making it difficult to disclose the long-term outcome of each patient. Further investigations are needed in order to establish appropriate treatment strategies for SPTCL, and to clarify the predictive factors which could be used to identify patients who may benefit from corticosteroid therapy as a first-line treatment.
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